Developing colorectal cancer (CRC) poses challenges for patients with type II diabetes mellitus (T2DM).
INTRODUCTION
Colorectal cancer (CRC) is the second most common cancer in Korea, and the CRC burden is rapidly increasing (1, 2) . According to a report published in 2011, the prevalence of type II diabetes mellitus (T2DM) in the Korean population aged $30 years was 12.4%, which was considered to be relatively high (3) .
Several studies have previously reported an increased risk of CRC development in patients with T2DM compared with healthy individuals (4, 5) . Hyperinsulinemia due to insulin resistance in patients with T2DM may have a tumorigenic effect by affecting epithelial cell proliferation in CRC (6) . Moreover, overexpression of insulin receptors may affect the development of CRC (7) . Some Korean studies have also shown a positive correlation between T2DM and CRC (8) (9) (10) . Therefore, the development of CRC in Korean patients with T2DM can pose specific challenges. Obesity increases the risk of CRC (11) and has been reported to be a risk factor for CRC in patients with T2DM (5) . However, most data have been reported on populations living in developed Western countries where the obesity criterion is higher (body mass index [BMI] $ 30 kg/m 2 ) than for the Korean population (BMI $ 25 kg/m 2 ) (12, 13) . Therefore, further research involving Asian populations is required.
In Korea, all health insurance associations have been integrated into the National Health Insurance Corporation (NHIC). The National Health Insurance Service covers the whole population as a social insurance benefit system. The NHIC database includes all claims data such as the International Classification of Disease (ICD) codes, information of treatment prescriptions, and details of national medical checkups (14, 15) . This information is available for researchers once study protocols have been approved by an official review committee and upon receipt of payment for the data.
We analyzed the risk factors for CRC in a Korean cohort with T2DM using the NHIC database, and we investigated the effects of obesity on the risk of developing CRC.
METHODS

Data source and collection of the study population
The NHIC database stores data comprising approximately 97% of the enrolled Korean population who receive a semicompulsory medical examination biennially.
Data were collected from the medical records of 4,171,087 individuals with type II diabetes who were aged 20 years or older and had undergone an NHIC medical examination biennially or annually between 2009 and 2012. Of these individuals, 149,046 were excluded because of missing values such as laboratory findings. We also excluded those with overlapping data, where 2 or more examinations had been performed within the observation period (n 5 1,393,059), and individuals who had been diagnosed previously (n 5 37,833). Finally, 2,591,149 individuals were included in the study (Figure 1 ). The enrolled patients were followed up until December 2015 to examine the developing CRC.
The study was reviewed and approved by the Institutional Research Ethics Board of the Catholic University of Korea (VC17ZESI0110).
Definition of T2DM and CRC
T2DM was defined as $1 claim per year for the prescription of antidiabetic medications based on the ICD 10th Revision (ICD-10), codes E11 to E14, or a fasting glucose level $126 mg/dL (obtained from the health examination database).
The primary outcome was newly diagnosed CRC, which was defined using ICD-10 codes (C180-200) and the National Cancer Registry database.
Covariates
The covariates used in the multivariate analysis were collected using a standardized self-reported questionnaire and data derived from the medical examination. The covariates were as follows: age (years), sex, smoking (never, former, and current), alcohol consumption (none, mild, and heavy), regular exercise (no and yes), yearly income (lower quintile vs the remaining quintiles), residency (rural and urban), BMI, waist circumference (WC), hypertension, dyslipidemia, complications of diabetes (history of stroke and cardiovascular events), antidiabetic medications (insulin, sulfonylurea, metformin, meglitinide, thiazolidinedione, dipeptidyl peptidase-4 inhibitor, and acarbose), and duration of diabetes (years).
Individuals whose alcohol consumption was ,30 g per day were defined as mild drinkers, whereas individuals whose alcohol consumption was .30 g per day were defined as heavy drinkers. Regular exercise was based on the frequency and intensity of activity per week. We defined hypertension when at least 1 claim per year for the prescription of an antihypertensive agent under ICD-10 codes I10-I15 was confirmed. Dyslipidemia was defined when at least 1 claim had been documented per year for the prescription of antidyslipidemic agents under ICD-10 codes E78 (16) . Information concerning history of stroke and cardiovascular events was obtained from the self-reported questionnaire. The use of antidiabetic medication was defined as involving at least 1 claim per year for the relevant prescription.
In our study, we defined obesity using a BMI cutoff of 25 kg/m 2 . Abdominal obesity was defined as a WC of $90 cm for men and a WC of $80 cm for women (17) .
Statistical analyses
Data were presented as mean 6 SD for normally distributed continuous variables and as proportions for categorical variables. The Student t test was used to analyze continuous variables, and the differences between nominal variables were compared using the x 2 test. Incidence rates for cancers were calculated by dividing the number of events by person-years at risk. An age-sex adjusted model was used to reduce the variables, which was then analyzed in a multivariate analysis. A Cox regression model was used to determine the independent association of covariates with the risk of cancer incidence. This was undertaken through controlling for age, sex, BMI, smoking, alcohol consumption, exercise, income, hypertension, dyslipidemia, history of stroke and cardiovascular events, nephropathy, retinopathy, T2DM medications, and T2DM disease duration. The association between obesity/abdominal obesity and CRC was analyzed after controlling for variables such as age, sex, smoking, alcohol consumption, and exercise. Statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC) and R version 3.2.3 (The R Foundation for Statistical Computing, Vienna, Austria, http://www.r-project.org). A 2-sided P value of ,0.05 was considered statistically significant.
RESULTS
Baseline characteristics
During the follow-up period (median, 5.4 years), 24,236 cases of CRC had occurred. The incidence of CRC in patients with T2DM was 2.3 per 1,000 person-years. Baseline characteristics of the study participants are shown in Table 1 . In the age-sex adjusted model, the risk of CRC was significantly associated with the following: aging, male sex (adjusted hazard ratio [aHR] 5 1.840, 95% confidence interval [CI] 1.751-1.848), former smoker (aHR 5 1.138, 95% CI 1.097-1.181), current smoker (aHR 5 1.137, 95% CI 1.096-1.18), mild alcohol consumption (aHR 5 1.173, 95% CI 1.137-1.21), heavy alcohol consumption (aHR 5 1.333, 95% CI 1.271-1.398), BMI $ 30 kg/m 2 (aHR 5 1.110, 95% CI 1.048-1.176), abdominal obesity (aHR 5 1.093, 95% CI 1.064-1.122), hypertension (aHR 5 1.089, 95% CI 1.059-1.119), and a duration of T2DM of $5 years (aHR 5 1.050, 95% CI 1.022-1.078) ( Table 2 ). 
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Risk factors for CRC in patients with T2DM
In the Cox regression model, aging, male sex (hazard ratio [HR] 5 1.571, 95% CI 1.511-1.633), BMI $ 30 kg/m 2 (HR 5 1.100, 95% CI 1.033-1.172), former smoker (HR 5 1.108, 95% CI 1.064-1.154), current smoker (HR 5 1.101, 95% CI 1.056-1.148), mild alcohol consumption (HR 5 1.136, 95% CI 1.096-1.176), heavy alcohol consumption (HR 5 1.266, 95% CI 1.2-1.337), hypertension (HR 5 1.07, 95% CI 1.037-1.104), and insulin treatment (HR 5 1.078, 95% CI 1.027-1.131) and/or sulfonylurea (HR 5 1.091, 95% CI 1.057-1.127) were significant risk factors for CRC. Dyslipidemia (HR 5 0.949, 95% CI 0.922-0.977) and a history of stroke (HR 5 0.894, 95% CI 0.822-0.972) and a cardiovascular event (HR 5 0.910, 95% CI 0.86-0.963) were associated with a decreased risk of CRC. were more likely to lead to the development of CRC than in females. Treatment with metformin (HR 5 0.955, 95% CI 0.918-0.993) was related to a decreased risk of CRC in male patients. In female patients, an increase in BMI was a significant risk factor for CRC compared to male patients ( Table 3) .
Effect of BMI and WC on the risk of CRC in patients with T2DM
The risk of CRC according to the different BMI and WC levels was analyzed to determine whether BMI or WC had a stronger association with CRC ( Figure 2 ). Increased BMI levels tended to be more associated with developing CRC in females than in males (Figure 2a) , and a high WC was a significant risk factor for all patients with CRC (Figure 2b) .
Considering both BMI and WC, BMI $ 25 kg/m 2 or abdominal obesity alone did not affect the risk of CRC regardless of sex (Table 4 ). However, patients with BMI $ 25 kg/m 2 and abdominal obesity were associated with a 10% increased risk of CRC compared with patients with a normal weight and a normal WC (HR 5 1.105, 95% CI 1.073-1.138). Male patients with a BMI $ 25 kg/m 2 and abdominal obesity were associated with an 8% increased risk of CRC compared with patients with normal weight and normal WC (HR 5 1.087, 95% CI 1.049-1.127), whereas female patients with a BMI $ 25 kg/m 2 and abdominal obesity were associated with an 18% increased risk (HR 5 1.184, 95% CI 1.123-1.25). A BMI $ 25 kg/m 2 and abdominal obesity had a synergistic effect on developing CRC, and female patients with a BMI $ 25 kg/m 2 and abdominal obesity were at a higher risk of developing CRC than male patients.
DISCUSSION
It has been reported that T2DM increases the risk of CRC by 30%-40% (18, 19) . In this study, the incidence of CRC in patients with T2DM was relatively high (2.3 per 1,000 person-years) compared with the reported 0.6 per 1,000 person-years of those surveyed among the Korean population in 2012 (20) . Aging, male sex, and smoking are well-known risk factors for CRC in the general population (21) . Metabolic disturbance such as dyslipidemia, hypertension, T2DM, and obesity have been reported to be risk factors for CRC not only among populations in developed Western countries but also among Korean populations (5, 22, 23) . To our knowledge, this study is the first to investigate Korean patients with T2DM and assess the risk of CRC. In this study, established risk factors such as aging, male sex, smoking, or hypertension in the general population were also identified as significant risk factors. Interestingly, the significant risk factors differed according to sex. In men, smoking and alcohol consumption increased the risk of CRC and regular exercise decreased the risk, indicating that lifestyle itself had a significant effect on developing CRC. In terms of alcohol consumption, some previous studies have reported a cutoff of 50 g per day for drinking, above which the risk of CRC increases (24, 25) . However, we revealed that even lower doses of alcohol intake (,30 g per day) would increase the risk. Obesity, represented as a high BMI, also increased the risk of CRC; however, this was a more significant risk factor in women. Considering these results, physicians may be able to tailor their advice to their male and female patients with T2DM more effectively to reduce the development of CRC. The effect of antidiabetic medication on the development of CRC has been studied. Metformin has been shown to lower the incidence of CRC, and insulin or insulin secretagogues have been identified as risk factors for CRC (26) (27) (28) (29) . Similarly, in this study, insulin and sulfonylurea were identified as significant risk factors for CRC, and metformin significantly lowered the risk for men in the multivariate analysis.
Patients with a history of dyslipidemia, stroke, and cardiovascular events were found to have a low incidence of CRC. This may have been due to the increasing possibility of death owing to the life-threatening nature of the complications, low CRC detection rate due to fewer colonoscopy examinations in patients with comorbidities or because of aspirin/statin use. Several studies have reported that the use of aspirin and statins is a preventive factor in CRC development (30, 31) .
A noteworthy aspect of our study concerns how obesity was found to affect CRC in patients with T2DM. The prevalence of obesity in Korea has been gradually increasing (32) . Obesity is associated with not only metabolic diseases but also with cancers, resulting in increased medical expenditure (33) (34) (35) (36) , and has become socially more problematic in Korea. Generally, visceral obesity has been considered to be a more important factor in colorectal carcinogenesis than a high BMI (37) . We also found that abdominal obesity correlated more with developing CRC than a high BMI in patients with T2DM. However, distinct from other studies considering only 1 variable or each variable separately (WC or BMI) (5, 13, 23, 37, 38) , a high WC and BMI had a synergistic effect on developing CRC, and this effect was highly sensitive in females, whereas a high BMI ($25 kg/m 2 ) or abdominal obesity alone did not increase the risk of CRC.
The underlying mechanisms concerning the relationship between obesity and CRC are not well known. It has been suggested that metabolic syndrome, insulin resistance, and altered levels of adipocytokines may play a role in obesity-associated colorectal carcinogenesis (13) . A recent study reported that obesity, especially higher WC, was more associated with CRC in females, and explained as being due to hormonal metabolism. Postmenopausal women who comprised most females in that study had changes in fat distribution, resulting in increased visceral fat depots, and this central obesity was related to an increase in androgenic activity in postmenopausal women (38) . Similarly, most female patients enrolled in the study were also aged .50 years, and these factors might explain these results. Although the decreased protective effect of estrogen, attributable to the induction of apoptosis and inhibition of cell proliferation (39) , might explain the results in that study, it is not clear why obesity was a greater CRC risk factor in female patients with T2DM. Although different sex susceptibility to CRC has been discussed in terms of obesity, a meta-analysis showed that BMI appeared to be consistently associated with an increased risk of CRC in men, but less so in women (13) . Similarly, a recent Korean study showed that a high BMI ($25 kg/m 2 ) significantly increased the risk of CRC in men but not in women in the general population (23) . Further studies are required to explain different sex susceptibility in relation to T2DM.
The major strengths of our study comprise the following: (i) this is the first study to analyze the risk factors of CRC in patients with T2DM using a nationwide, population-based cohort; (ii) we analyzed the data using a large number of covariates as we were able to use the data and include information derived from detailed questionnaires in the national checkup program; and (iii) we identified the difference in risk factors according to sex and also confirmed the effect of BMI and WC on elevated risk of CRC in patients with T2DM. The results of the study may be a useful foundation for developing clinical management guidelines that focus on advising patients with T2DM on the risks of developing CRC. Our study had some limitations, as follows: (i) the NHIC database does not include HbA1c values, and therefore, we defined T2DM with ICD codes, claims indicating diabetes medications, and fasting glucose levels; (ii) our registry only held data that indicated whether antidiabetic medication had been used or not. The precise duration of medication and the combination effect of medications were not considered in the analysis; and (iii) our registry did not include the changes in BMI and WC during the study period. Nevertheless, this was a large-scale population-based study, and the results are likely to be meaningful. In conclusion, our nationwide and population-based cohort study showed that patients with T2DM were associated with specific risk factors that differed depending on sex. A high BMI and abdominal obesity had a synergistic effect on elevating the risk of CRC, and female patients (BMI $ 25 kg/m 2 ) with abdominal obesity were at a higher risk of developing CRC than male patients. Our results may be useful for clinicians working to prevent CRC and educate patients with T2DM of the sexspecific risk factors of CRC in such instances.
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